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1. 1 NTRODUCTI ON

Weat her surveillance radar is used extensively in short-range forecasting
operations. It is often highly desirable to view the observations of severa
radars simultaneously, even for |ocal forecasting operations, in order to
noni tor the devel opnent and novenent of synoptic-scale systens or to get the
best possi bl e observations of snall-scale features which are distant fromthe
| ocal radar.

The National Weather Service (NWS) inplenented sonme radar nosai cki ng tech-
niques as early as the 1960's. These npsai c operations were based on col -
| ection and conpositing of manual ly-digitized information transmtted from
i ndi vidual radar sites as Radar (bservations (ROBs) (Sadowski 1979;
Departnents of Commerce and Defense 1980). A Manually-Digitized Radar (MDR)
nosaic with approximately 40-km grid spaci ng was created by conpositing echo
| ocation and intensity data contained in the ROBs.

Wth the depl oyment of the WBR-88D network, the manually-produced ROB was
repl aced by the automatically-produced Radar Coded Message (RCM. The RCM
contains informati on on echoes within the local portion of a national 10-km
reflectivity grid, a description of convective echoes including maxi m num
reflectivity, echo tops and nesocycl one phenonena, and the |ocal Vel ocity-
Azinmuth Display Wnd Profile (OFCM 1991).

The first software suite for the production of a national reflectivity
nosaic from RCMs was i nplenented within the NW6 National Centers for
Envi ronnental Prediction (NCEP), at the Aviation Wather Center (Lewi s and
Mosher 1992; Cope 1993). The npsaic was produced as an interimstep in a
process that created automated Radar Qbservations that duplicated the historic
ROB format, and the nosaic itself was not dissemnated in digital form This
suite relied on comunications systens and proprietary systemsoftware due to
be elimnated with the introduction of the Advanced Wat her Interactive
Processi ng System (AWPS). Accordingly, it was decided to rehost the software
wi thin NWs Tel econmuni cations Qperations Center, on hardware that had been in
use there for several years.

A conpl ete description of the nbsaic and its production is contained in
Kitzmller et al (2002).

2. | NPUT RADAR DATA

The RCM (OFCM 1991) contains a coded text description of the [ocal portion
of a national reflectivity nmosaic grid, a coded description of convective
stormcells within the local radar unbrella, and a Vel ocity-Azi nuth Displ ay
(VAD) wind profile based on Doppler information. 1In the reflectivity grid
portion of the RCM lines of text contain the starting row and col um position
of runs of nonzero reflectivity levels (1-8) observed along rows within the
grid. These reflectivities are derived fromthe Digital Hybrid Scan (DHS)
reflectivity array (Fulton et al. 1998), which is also used to derive



preci pitation accunul ation estinates. The RCMs are produced tw ce per hour
roughly in the intervals 00:05-00: 15 and 00: 35-00: 45, and are centrally
collected on a file server at NW6 headquarters.

The DHS al gorithmincorporates quality control procedures that effectively
reduce or elinmnate ground clutter, anonal ous propagation, and single-grid-box
echoes sonetines referred to as 'shot noise’. However, significant non-
precipitation features sonmetinmes remain in the RCMs, with calibration test
patterns appearing on rare occasi ons, AP appearing occasionally, and returns
from biol ogical targets (birds and insects) being common fromlate w nter
t hrough | ate autumm.

3. THE RADAR REFLECTI VI TY MOSAI C

The npsaic is projected on a polar stereographic grid with the follow ng
characteristics:

Oientation: 105°W (255°E)

Ref erence | atitude: 60°N

Mesh I ength at reference latitude: 11906.25 m

Extrene | ower-left corner position: 119.036°W 23.097°N
Extrene upper-right corner position: 58. 025°W 45.317°N
Nurmber of rows: 360

Nurmber of colums: 460

This grid is coaligned with the MDR grid and the Hydrol ogi c Research and Ap-
plications Program (HRAP) grid, which have reference nmesh | engths of 47625 m
and 4762.5 m respectively.

Note that our convention is that grid position (1,1) is at the |ower-left
corner of the lower-left box; thus continuous grid position values > 1 and < 2
are within box 1, position values between 2 and 3 are within box 2, etc.

The reflectivity data within the grid describe the |argest val ue observed
within the box. The reflectivity values are coded as foll ows:

0: < 15 dBzZ 4: 45-49 dBZ

1. 15-29 dBzZ 5. 50-54 dBZ

2: 30-39 dBz 6: > 55 dBzZ

3: 40-44 dBz 7: No coverage or degraded coverage.

A value of 7 is placed in grid boxes that |ack coverage from any radar, due
to permanent gaps in network coverage, tenporary gaps due to nonreporting ra-
dars, or subregions within radar unbrellas that are seriously occulted (bl oc-
ked fromthe radar’s view) by terrain features. Note that the RCM s
t hensel ves contain values of 7 and 8 to describe echoes beyond 230 kmfromthe
radar; these indicate echoes of indeterminate reflectivity level and no
attenpt has been nade to include themin the nosaic.

For grid boxes covered by nultiple radars, the hi ghest observed
reflectivity is placed in the final conposite. Wile it is sonetines
consi dered desirable to assign the reflectivity observed by the cl osest radar
to the box, the strategy we chose is the sinplest to apply operationally, and
i nsures continuous spatial coverage when sonme radars are tenporarily out of
conmi ssion, or when radar units are noved or installed. The *‘highest observed
reflectivity’ nmethod nay sonetines introduce features such as el evated hai
cores into the conposite while the ‘nearest radar’ approach would not; however
such features are of concern mainly when the aimis to produce rainfal
estimates fromthe data. The prinary purpose of this conposite is to provide
a synoptic overview, with an enphasis on identifying the |ocation and
approximate intensity of rainfall (National Wather Service 1992). It is not



i ntended for rainfall estination, since the input reflectivity field has
i nsufficient spatial and tenporal resolution for such a purpose.

Sanpl e reflectivity conposites appear in Fig. 1 (national view and Fig. 2
(regional view). The conposites are produced twi ce per hour, and are
avai | abl e at about 00:05 (for RCMs from 00:45) and 00:35 (for RCMs from
00:15). They are dissenmnated in Gidded Binary (GRIB) format (Dey 1996;
Worl d Met eorol ogical Organizati on 1988) under World Meteorol ogica
Organi zati on header HAXA00 KWBC.

4. QUALITY CONTROL OF THE REFLECTIVITY FI ELD

As not ed above, nonprecipitation (NP) echoes are common in RCMreflectivity
fields. The nmost common are those from biological targets (insects and
mgrating birds) and aircraft. Anonml ous propagati on does appear on occasi on
Finally, radar calibration test patterns, which are transmtted fromsites
while an artificial radio signal is fed into the antenna’ s receiver horn, are
sonetines transmtted i nadvertently.

The presence of (NP) echoes in the RCMreflectivity makes some quality
control (QC) necessary prior to dissemnation of the nobsaic. Conparison of
unedi ted and nanual | y-edi ted npsai cs suggests that al nost 50% of the echo area
is due to NP targets at night during the spring and autum bird mgration
seasons, about 20-30% are NP during sunmer, and about 15% are NP during
wi nter.

Efforts at automatically detecting and renoving NP echoes from radar pro-
ducts have generally been focused on high-reflectivity features such as ter-
rain, GC, and AP (see, for exanmple, Fulton et al. 1998; Gecu and Krajew
ski 2000), which have serious effects on rainfall estinmates. The QC
algorithns applied to the RCMreflectivity appear to have been very successfu
at renmovi ng such ground-target echoes. The renmaining NP echoes in the RCM
whil e generally < 30 dBZ intensity, have a nmmjor inpact on the visua
representati on of the overall echo field.

To elimnate test pattern echoes, we have adopted a conventi on whereby
suspi cious RCM s featuring echo coverage over alnobst their full 460-km
coverage radius are excluded fromfurther analysis. In order to elimnate
bi ol ogi cal and aircraft echoes, RCM grid boxes with nonzero echo | evels are
flagged for deletion if the | ocal echo texture and reflectivity spectrum
suggest biological rather than precipitation targets, if satellite and upper-
air humdity observations indicate little potential for precipitation, or if
there is a lack of spatial continuity in the echo field. Therefore three
nosai c-editing processes are used to renove NP echoes: a bird/insect check, a
cl oud/ hum dity check, and a shot-noise filter. A final check identifies
surface reports of precipitation, |lightning observations, and radar echoes
detected by nultiple radars, all of which are events that tend to confirm
precipitation. This final check locally overrides the results of the first
three, by reinserting any echoes that are within five grid spaces of the
confirmng feature.

The various editing checks are described conpletely in Kitzniller et al
(2002). A conparison of manual editing results and the full suite of
aut omat ed editing checks was nade based on a data sanple collected during the
period July 1999 - April 2000. Wthin this dependent sanple of cases, the
results agreed in about 90% of cases in the winter, and in 80-85% of cases
during the renmmi nder of the year. The npbst conmon error was retention of NP
echoes, a bias we favor as being the nore conservative alternative. In
practice, few |large spurious features appear in edited npbsaics, and nmjor
precipitation features are rarely altered.



5. I NDI CATI ONS OF M SSI NG RADAR COVERAGE

Al t hough nost places in the United States are within 230 km of one or nore
WER-88D' s, there are coverage gaps over sparsely-popul ated portions of the
Great Basin and the Southwest. Also, sone places within 230 km of only one
radar are essentially uncovered because of beam bl ockage by terrain features.
In addition to such permanent coverage gaps, tenporary gaps appear in the
vicinity of nonfunctioning or nonreporting radars. In Fig. 1, coverage gaps
beyond 230 km from any radar exist over extrene northeastern Arizona and
nort hwest ern New Mexi co; gaps due to occultation are evident to the west of
Portl and, Oregon, and south of Tuscon, Arizona; a tenporary coverage gap due
to nonreporting radars appears over Maine, New Hanpshire, and Vernont. W
have adopted a convention of indicating these gaps as an aid in interpreting
t he noverment and evol ution of precipitation patterns in areas of degraded
radar coverage.

To provide indications for the effects of beam bl ockage by terrain, we used
occultation naps for each radar site fromthe NWs Radar Operations Center
The maps indicate the percentage of the radar beamthat is blocked by terrain
as a function of azinuth and range for the each of the | owest four antenna
el evation angles. These four scans are used to construct the DHS reflectivity
product, from which precipitation accurmulation and the RCMreflectivity are
deri ved.

By conparing these maps to | ocal echo climtol ogi es we devel oped a
convention for deternining blockage in the RCMgrid. A box is considered
bl ocked with respect to a radar if either condition (a) or (b) apply:

(a) the box is centered nore than 100 kmfromthe radar and nore than 50%
of the azimuth/range bins over the box are nore than 55% occulted at the

| owest antenna el evati on

(b) rmore than 33% of the azinmuth/range bins over the box are nmore than 55%
occulted at both the first and second antenna el evati on angl es.

The bl ockage pattern surroundi ng each radar is applied to the |l ocal section
of the npsaic when the radar's observations are incorporated. |If the
reflectivity level for a box is zero and the occultati on nmap i ndicates that
the box is blocked, a nissing indicator is stored there. The indicator is
cleared if another radar's observations cover the box.

Mosaic grid boxes |eft uncovered for any reason are described by a
reflectivity code of 7. Note that this is different fromthe convention
within RCM's, where 7 and 8 descri be echoes beyond 230 kmfromthe reporting
radar.

6. GENERATI ON OF THE NCEP FACSI M LE RADAR SUMVARY CHART

Information fromthe radar nosaic is contained in a facsinile chart
generated by NCEP. The reflectivity field is displayed in contoured form
with contour intervals set at reflectivity levels 1, 3, and 5. |Information on
the precipitation area and convective cell noverment and echo tops is plotted
intext format. The content of the chart is fully described by Sadowski
(1979).

7. FUTURE WORK

Efforts are now underway to create higher-resolution nosaics of reflect-
ivity, vertically-integrated liquid (VMIL), rainfall, and other WSR-88D pro-
ducts. These nosaics will feature 16 intensity levels and can be generated at
2- and 4-kmresolution several tines per hour
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Figure 1. National 10-kmradar conposite from Radar Coded Messages, for
1215 UTC, 27 March 2000. Blank areas indicate reflectivity < 15 dBZ, |ight
gray indicates areas beyond 230 km fromthe nearest radar, or areas bl ocked
fromthe radar network by terrain. Precipitation reflectivity levels are
indicated in the | egend.



Figure 2. As in Fig. 1, except for subsection covering the southeastern
Uni ted States.



